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CHROMATOGRAPHIC METHODS QUALITATIVE ANALYSIS 


K.M. Olshanova and K.V. 
Institute Physical Chemistry, U.S.S.R. Academy Sciences, Moscow 


Ion-exchange chromatography, which was proposed and developed the 
Soviet scientists E.N. Gapon and T.B. Gapon [1], one the variants 
M.S. Tsvet's adsorption chromatography [2]. 


The basis ion-exchange chromatography exchange adsorbed cat- 
ion for ion contained the adsorbent [3]. When chromatographic alumi- 
num oxide used the adsorbent,e.g., the formation chromatogram 
cations the result differences exchange intensities the cations 
the test solution for the sodium ions the aluminum oxide aluminate [4]. 


several cations are present solution, then the cation with the 
greatest adsorbability will concentrated the upper part the column, 
and displaces cations with lower adsorbability,which will accordingly 
located the lower part the column. 


Material collected drawing adsorption series cations and anions 
according their adsorbability various adsorbents for each analytical 
group taken separately, was adduced our first paper [5]. 


The aim the present paper was the development qualitative chroma- 
tographic analysis 4th group cations chromatographic aluminum oxide. 


Adsorption series fourth group cations are arranged various ad- 
sorbents the order shown 


TABLE 


Adsorbent Adsorption series 


adsorbent 


Chromatographic 


aluminum oxide 


Sodium permut- 


greyish shade 


Before developing the chromatograms with various reagents was essential 
find out the color the adsorbed cations the adsorbents. solution the test 
cation mixture test cation was accordingly passed through the adsorbent column. 
The results obtained are given Table 


TABLE 


Color zone the adsorbents 
Chromatographic Permutite Askangel 
‘aluminum oxide 


Cations 


Pale yellow zone Yellow-green Colorless Colorless 
grey strip zone with 
grey strip 


Pale-orange zone Orange zone with|Colorless Colorless 
with rose tint grey ring 
(contaminated 
with 


Blue Bright blue green 


All cations form colorless zones the adsorbents 


Above, rose strip; Above, orange Bluish-green green 
below, blue strip ring; below, zone zone 
blue strip 
zone with grey green zone with zone 
strip; below, blue grey strip; 
zone below, blue 


the 
yellow 


Yellow Colorless Colorless 


zone with 
grey strip 


zone 
grey strip 


Blue zone Bluish-green Pale green 


‘Blue zone 
Mixture 


all Group 


cations Above, pale yellow Above, yellow Bluish-green Colorless 

blue zone blue zone 


These results show that the cations and can detected 
directly the adsorbent; order detect the remaining cations they must 
developed further according the following method. The test solution, 
composed equal volumes solutions the cations the 4th analytical 
group equal concentration, placed the chromatographic column with 

0.5, cm,containing the adsorbent, means pipet. The chroma- 
togram washed with 2-3 drops water, after which the developer intro- 
duced into the column. The adsorbed cations which are located different 


zones the chromatogram react with developer form colored chemical com- 
pounds. 


| 


Experiments were made chromatographic aluminum oxide, sodium permut- 
ite, and suifunite. When the test solution was passed through bentonite- 
askangel, reaction between adsorbent and salt solution, the which was 
occurred; experiments were carried out,therefore, the formation 
cation chromatograms bentonite-askangel. 


Chromatograms Fourth Group Cations Developed 
with Potassium Iodide 


solution the mixture cations and was passed 
through the adsorbent, and after washing with water the chromatograms were 
developed with two-normal potassium iodide. Results are adduced Table 


TABLE 


Adsorbent Appearance the developed chromatogram (from top 
bottom the column 


aluminum oxide zone with narrow, bright red zone 
disappears excess reagent with 
formation the colorless complex 
Pale yellow zone 


Suifunite Black zone with green shade yellow 
with narrow bright red zone 
yellow zone AgI was visible 


Sodium permutite zone the mixture the cations 
and and below the bright yellow zone 


comparison the chromatograms the experiments described above 
shows that the best one that formed chromatographic aluminum oxide, 
means which possible detect all the cations simultaneously, 
though the brightest colors are given sodium permutite. The narrow, bright 
red zone formed consequence the fact that mercurous salts 
usually ion. The red zone disappears passing ex- 
cess potassium iodide, result formation the colorless complex 
Silver ions could not detected suifunite permutite (Exper- 
iments and that these adsorbents are not suitable for detection 
and Tests were also made the above method the effect 
cation concentration their detection solution. Solutions containing 
from 0.3 0.001 /liter were used. The results these experiments 
show that the cations could detected 0.005 concentration for each 
them. cations could detected with potassium iodide even lower 
concentrations. 


passed through the adsorbent; after water wash the chromatogram was devel- 
oped with solution potassium iodide (Table 


The indicate possibility detecting the cations 
with potassium iodide when they all occur together solution. 
cations have detected another developer. development with 
potassium iodide the bismuth cations form black zone which gradual- 
dissolves excess reagent form the complex which yellow 
orange color (Expt. 1). development with potassium iodide, 
forms which transformed into according oxidation-reduction 
process: 


The iodine evolved forms brown zone below the chromatogram. 


Black zone merging into grey and then into 
aluminum zone and greenish-blue zone below 
oxide brown zone 


Suifunite Pale yellow zone with narrow bright red band 
below which the brown zone 


Sodium per-| The chromatogram analogous that Expt. The 
mutite color the zones brighter and the zone boundaries 
more sharply defined. 
The best chromatograms from the point view color brightness the 
zones are those formed sodium permutite. 
solution the mixed cations Group was passed through 
the adsorbent and the chromatogram developed with potassium iodide,after 
water washing. The results obtained are given Table 


TABLE 
Adsorbent Appearance the developed chromatogram (from top 


Chromato- Black zone merging into yellow. 

graphic Followed dark green zone and bright 
aluminum orange zone Next blue zone ending layer 
oxide with brown color (from the iodine evolved). 


Suifunite Dark green zone followed orange strip with 
brown shade and below bright orange zone 
The bottom the column was colored brown the 
evolved. 


Sodium Green zone with bright red band, below 

permutite which there dark orange zone. This follow- 
blue zone and brown zone from iodine 
evolved. After hours the zones' colors were brighter. 


The results given Table show that using potassium iodide the 
deve the following cations Group can detected: 
and and cations are not detected potassium 
solution mixture fourth group cations, since the yellow color their 
iodide compounds masked the yellow the bismuth complex and the 
free iodine evolved. the absence can detected the 


Chromatograms Fourth Group Cations 
Developed with Hydrogen 


equimolar solution the mixed cations Bi®*, was 
passed through 4-6 column chromatographic aluminum oxide; after 
ing with water the chromatogram was developed with hydrogen sulfide solu- 
tion. Chromatograms were developed for minutes. The appearance the 
chromatograms was follows: above the brown colored zone followed 


Adsorbent Appearance the developed chromatogram (from top 
No. bottom 
No. 
= 


black zone mercuric sulfide; below this grey zone copper, and 
still lower pale yellow cadmium zone. means such chromatogram 
possible detect cadmium the presence other cations. 


passing hydrogen sulfide solution through column which 
already adsorbed mixture all fourth group cations, the following 
chromatogram was formed: top bismuth brown zone, then black merc- 
ury zone, and then dark grey lead zone. After the lead zone there was 
grey blue copper zone and finally dark grey silver zone. 


the bottom the chromatogram yellow cadmium zone was formed. 
Development lasted average 50-80 minutes, Tests were made with solu- 
tions containing ions and concentrations 0.1 0,001 g-equiv. /liter. 
Cadmium ions were clearly detected all the the last instance 
concentration 0.01 g-equiv. /liter there was brighter coloration 
the yellow cadmium zone. 


Additional experiments were made the detection cadmium cations 
the presence copper cations. this case mixture cadmium and cop- 
per ions, with respect each, was passed through aluminum oxide 
the chromatogram was washed with water and developed with hydrogen 
sulfide. brown copper zone was formed top; this was succeeded 
mixed brown zone copper and cadmium cations, and finally, the bottom, 
bright yellow cadmium zone. 


through suifunite, and subsequently developing the chromatogram with hydro- 
gen sulfide, two zones were dark zone black sulfides, and be- 
low dirty yellow cadmium zone. 


passing the same solution through permutite and subsequently devel- 
oping the chromatogram with hydrogen sulfide, one uniform black zone was 
formed; yellow cadmium zone was obtained. The chromatogram confirmed the 
correctness the adsorption series fourth group cations permutite, 
which the copper ions have equal adsorbability 


The best chromatograms were obtained chromatographic aluminum oxide, 
which bismuth ions were readily detected the form brown zone, and 
the cadmium ions the form yellow zone. Similar chromatograms were 
formed when sodium sulfide solution was used for developing. 


The use gaseous hydrogen sulfide cuts down the development time. 
Sucking gaseous hydrogen sulfide through chromatogram fourth group 
cations, bright yellow zone cadmium sulfide formed matter 
minutes. 


Chromatograms Fourth Group Cations 
Developed with Alkali Solution 


solution mixed cations the group was passed through 
chromatographic aluminum oxide column. zones were formed: yellow zone 
with grey-violet border mercury, and below blue zone copper ions. 
The chromatogram was washed with water and then developed with solution 
alkali. top grey zone mercury ions the form was formed 
which merged into yellow zones this was followed blue 
zone and brown silver zone. The silver zone gradually darkened and acquired 
the dark brown color characteristic 


The best was the one Group cations obtained passing 
their solution through column chromatographic aluminum oxide given 
preliminary wash with alkali solution. The zones obtained for the mercury, 
copper, and silver ions were more clearly defined. Silver can readily de- 
tected the presence other cations the use alkali. 


= 


Chromatograms Group Cations Developed with Sodium 
Stannite and Thiourea Solutions 


solution Group cations was passed through chromatographic 
aluminum oxide column and the chromatogram developed with sodium stannite; 

zones were formed: top grey zone ions the form reduced 
metallic bismuth; this was followed black zone ions metallic 
mercury. The color the other zones remained unchanged. Through second 
column the adsorbent containing adsorbed Group cations, 
thiourea was passed. yellow bismuth zone was formed, and below this 
black zone formed; the other ions were not developed. 


the basis the experiments described above two methods for the qual- 
itative chromatographic analysis Group cations were worked out: using 
stannite; using thiourea. 


Method for the Detection Group Cations 


inum oxide; this followed 5-6 drops the test solution mixture 
Group Three zones are formed: top mixed zone ions 
with yellowish tinge ions the form this zone followed 
blue copper zone, and, finally, brown zone. After washing with 
water detect and the chromatogram developed with sodium stan- 
nite. grey zone formed the result separation metallic bismuth 
according the reaction: 


below this zone there black zone 


developing the chromatogram with potassium iodide, mercury detected 
the form bright orange band HgIp; after minutes yellow zone 
lead iodide appears which distinguishable the characteristic luster 
crystals. Cadmium detected another column means gaseous 
hydrogen sulfide. means this method all group cations can de- 
tected 7-8 Experiments were made study the effect solution 
concentration the detection cations the above method. The cations 
Agt are easily detected drops solution for con- 
centration 0.01 g-equiv. /liter; can detected ionic concen- 
tration 0.00026 g-equiv. /liter while cations can detected 
ionic concentration 0.00007 


Chromatographic Method for the Detection Group Cations 


Means Thiourea 


Three columns containing chromatographic aluminum oxide are prepared. 
Through one column drops test solution are passed and the chromatogram 
developed with thiourea. The appearance yellow zone indicates the pres- 
ence bismuth ions. 


The formation black zone below the yellow one signifies the presence 
mercury ions [1]. 2-5 drops alkali are passed through the second 
chromatographic column, followed 2-5 drops test solution. 


Three zones are formed; top yellow zone mercury ions 
followed blue zone and below that brown zone Agt. The 
chromatogram next developed with potassium iodide. top, 
zone bismuth the form soluble excess reagent, formed; 
the mercury zone [1] acquires greenish ting below this, bright 
orange zone forms, together with yellow lead iodide zone. 


The bottom the column colored brown from the evolved. the 
ence bismuth ions, which are easily detected the first column means 
thiourea, the lead cannot always detected the second column, 
cause the complex which has yellow color, may mask the yellow color 
lead such cases better detect lead the first meth- 
od, viz., the stannite one. Stannite reduces bismuth ions the free metal- 
lic state, that lead can then detected the form yellow 
using potassium iodide. 


Cadmium detected the third column. 3-4 drops the test solution 
are passed through the column; gaseous hydrogen sulfide then drawn through 
the yellow CdS zone forms the end the column matter 
seconds. 


All the chromatographic analyses can carried out 5-7 minutes 
using this technique. 


Experiments were carried out study the effect solution concentra- 
tion the detection Group cations this method. Group cations 
could detected drops solution the concentration limits of: 


cations development with thiourea 0.00025 
cations development with thiourea 0.004 


cations development with potassium iodide 0.008 g-equiv/liter. 


cations development with alkali 0.008 g-equiv. /liter. 


cations detecting their blue color the adsorbent 0.017 


cations development with gaseous hydrogen sulfide 0.01 
/liter. 


Supplementary experiments were made order compare the 
tics various qualitative methods detecting Group cations solution. 


solution mixture Group cations was analyzed four methods: 
macro and semi-micro method), spot test technique 
(Tananaev), and the chromatographic method. 


The results these tests, which are given Table show that the 
chromatographic method possesses several advantages over the others, 5-7 
minutes only are required for chromatographic analysis, while 2.5 hours 
necessary for the classical macromethod, and from minutes hour 
minutes for the other methods. The amount reagents used for chromato- 
graphic work less. E.g., order analyze test solution 
the classical method, the following amounts reagents were used: 4.5 
while for chromatographic analysis fewer reagents are needed, and the ones 
used are only amounts ca. ml, i.e., 20-40 times less than that 
required for macro and semimicro analysis. The amount test solution re- 
quired for analysis the chromatographic method less than that required 
for any the other methods. The smallest volume that can conveniently 
dealt with the macro method ml, and this volume cut down fur- 
ther, the analysis becomes more difficult carry out, while increasing the 
volume leads increase the amount reagents employed, and 
longer time analysis. 


method also the most sensitive method the ones tried. 
While the macro, semimicro, and spot test methods only enabled all the cat- 
0.0078 could easily detected the chromatographic method for all the 
test 


Method Equimolar |Amount Time Results the analysis 
tion 
for ysis, 


0.0625 All the cations were 
easily 


0.0312 


detected. The remaining 
cations were not 


0.0625 All the cations were easily 
method detected 


All the cations were easily 
detected except 


0.0156 All the cations were 
detected except ana 
Spot-test 0.0312 All the cations were 
method detected except 


0.0156 All the cations were easily 
detected except BiSt and 


0.0078 All the cations were 
detected except 


0.0625 All the cations were easily 
detected 


0.0156 


0.0078 All the cations were 
detected except The 
must looked for 
ately after passing through 
solution KI. 


SUMMARY 


The possibility has been demonstrated detecting Group cations 
when they all occur simultaneously solution adsorption on: chromato- 
graphic aluminum oxide, sodium permutite, and suifunite, using various de- 
velopers: 


tected: BiS*, and also the absence 


the use hydrogen sulfide solution sodium sulfide, 
hydrogen sulfide can lead the detection chromatographic alumin- 
oxide and suifunite. The possibility using gaseous hydrogen sulfide 


TABLE 
method 
graphic 


developer has been 
using thiourea and stannite, and can detected. 


The effect cation concentration solution and the detection 
Group cations chromatographic aluminum oxide using various developers 
has been studied. When potassium iodide used all the cations can de- 
tected concentration 0.005 while cations can detected 
even lower concentrations; when hydrogen sulfide used the cadmium can 


methods involving the use stannite and thiourea have been 
worked out for the qualitative chromatographic analysis Group cations 
when they occur simultaneously solution. The limiting concentrations 
the various cations which can detected chromatographically have been de- 
termined. The methods involving stannite and thiourea can detect these cat- 


Hest and can detected with stannite and thiourea even lower 
concentrations. 


Four methods detecting Group cations solution have been 
macro method, semi-micro method, spot-test method, and the 
chromatographic method. The chromatographic method the best because: 

enables all the cations detected solution 6-7 minutes; 

only small amounts reagents are required, and lengthy operations such 
filtration, heating, precipitation, and other operations encountered dur- 
ing normal analysis are eliminated; the volume test solution smaller 
than that required for any the other methods, and the cations can de- 
tected lower concentrations. The chromatographic method the most sensi- 
tive those tried. 


Received December 4th, 1953. 
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THE PART PLAYED DIFFUSION THE PROCESSES WHICH OCCUR 
THE ELECTRODES DURING SPECTRAL ANALYSIS USING SPARK EXCITATION 


The Kazakh 


the present time the search for radical methods combating "third 
element" effects one the fundamental problems spectrochemical analy- 
sis. Taking into account the effect third elements constructing sys- 
tems parallel curves, and making numerous series standards, etc., 
only half-measure, which does not satisfy contemporary requirements, both 
view the camplexity the methods involved, and also because these methods 
are not accurate 


search for radical methods combating third element effects is, however, 
impossible until theory has been worked out which can explain quantitatively 
all the known cases this effect. the present time the most popular 
theory that Filimonov [1,2], who connects the effect third 
elements with sparking processes, and explains both these phenomena processes 

selective oxidation which occur the electrode surface. Filimonov, 
means examples, convincingly explains both the shape the sparking curves 
and third element effects. Filimonov's theory, however, cannot explain all 
the variety known facts connected with the third element effect. partic- 
ular importance the fact that the basic practical conclusion drawn 
from Filimonov's theory the question combating the effect third ele- 
ments direct contradiction with everyday analytical practice. According 
Filimonov's theory, the effect third elements should cease the test 
material completely oxidized converted into stable salt, since 
such case the processes selective oxidation come stop the elec- 
trode surfaces, number examples can adduced which show that 
ing the test material the oxide salt does not prevent third element 
effects. Komarovsky while developing method for the determina- 
tion high alloy steels, dissolved the test material, then soaked 
the needle electrodes with its solution, dried the electrodes, and then sub- 
jected them Raisky spark discharge. turned out this case that the 
presence third elements showed very pronounced effect the determination 
calcium. Azcona and Martin [4] found that and displayed very marked 
mutual effects salts the system Ph, solutions which were 
placed the needle electrodes and dried (excitation Feisner spark). 
interest note that the effect the results determina- 
tions while working with salts the metals much more clearly defined than 
during analysis metallic samples similar composition. 


found very marked mutual effect shown certain elements the an- 
alytical results slag analysis. this case tablets pressed from powdered 
slag and copper were analyzed, analysis was commenced 1.5 minutes after pre- 
liminary sparking. When this method employed the sparking spot con- 
tinuous black surface. Measurement the electrical resistance the film 
and microscopic examination showed that the copper completely oxidized under 
these conditions When slag analyzed tablet form, therefore, the 
material transformed into vapor from completely oxidized film. 


all the three cases just considered, selective oxidation occurs 
the electrode surfaces during the analytical exposure time; nevertheless, 


there clearly expressed third element effect. 


consider that impossible explain third element effects sim- 
ply oxidation-reduction processes which occur the electrode surfaces; 
the part played diffusion must taken into account. 
rightly points out that under the action spark discharge, heating 
the surface layer and adjacent layers occurs, and this activates diffusion 
processes. is, however, not only question the activation diffus- 
ion processes; another essential factor that the value the diffusion 
coefficient depends third element effects, well known from the phys- 
ics solid bodies. Thus, third element effects must looked upon 
being the result two selective oxidation the electrode sur- 
the one hand, and changes the diffusion coefficients which occur 
under the influence third elements. 


Let consider detail the experimental and theoretical material 
available the question diffusion solids and liquids. 


usually assumed that diffusion solid bodies follows the space- 
time diffusion equation: 
where the concentration the diffusing atoms; the diffusion con- 
stant. 


has been established experimentally that given concentration, 
depends the termperature follows: 


(2) 


where the activation energy the so-called heat disintegration; 
the Universal Ges factor which independent temper- 
ature. 


According the work Gertsriken and Dekhter [5], Eyring and 
Van Johnson's formula the one with the best physical basis for the factor 
Do. AS 


where activation entropy; the gas constant; the Boltzman con- 
stant; Planck's constant; the shortest interatomic distance; and 
the absolute temperature. 


The presence third element essentially affects the value the 
diffusion coefficient. Gertsriken, Geller, and Trofimenko [6] 
studied the effect Sn, Ni, and the diffusion a-brass. 

was shown that even 0.5% increases the diffusion times; change 
content from 2.5 increases the diffusion from 10-12. 
times. 2.1% shows appreciable effect; increasing the content 
from 0.13 3.55 the diffusion coefficient increased from 6-15 times. 
Grube and Jedele [7], found that 0.5% nickel decreases the diffusion 
copper 1025° third. and Bollenrath established 
that 2.7% zinc Mg-Al alloy halves the diffusion coefficient 
Al. Diffusion dielectrics has not been studied such extent 
metals, but the same type phenomenon happens here also. Fig. lisa 
graph taken from paper Shvartsman, Gruzin, and Pechenev which 
shows the relation between log and for iron magnesite and chromo- 
magnesite. Here the third element chromium shows considerable effect 
the diffusion coefficient iron. 


Fig. Relation between 
log [D] and 1/T 


Fig. Straight lines for 
the case liquids, the pic- different compounds [10]. 
ture totally different. melting point. 


liquids the diffusion coefficients different components are prac- 
tically the same for the particles liquid itself. Fig. represents 
graph Bugakov's which have borrowed from Frenkel's book [10], which 
shows that for various solutes the same solid phase, straight lines with 
differing slopes (tan are obtained; all these lines fan out from the 
melting point the basic element itself. Consequently, the melting 
point the diffusion the various components becomes practically equal, and 
remains the melt. 


possible explain quantitatively all the cases third element 
effect known which crop during spark the point 
view theories which have been developed and from actual results, both 
taken from papers the physics solid bodies. 


Third element effects during the analysis salt precipitates 


electrode needles,and during the analysis slags the form tablets, 
which cannot explained Filimonov's oxidation-reduction theory, can 
explained easily changes the diffusion coefficient under the influence 
third elements. 


From the theory the solid state one would expect third element 
effects disappear switching over from solid liquid electrodes. 
Actually the papers Rusanov 12, 13], Borovik and 
ova [14], Delaney and Owen and also our own work the analysis 
slags aqueous solutions, show that the transformation the vapor 
phase takes place fron liquid phase, then third element effects are not 
observed for ordinary concentration ratios test element and third element. 
When working with solutions, third element effects only appear when the con- 
centration third elements becomes about twice more that the test 
element. this case, the effects are apparently not related the trans- 
formation the material from the electrode vapor, but processes 
which occur the plasma. 


mentioned above, during spectrographic analysis slags the form 
tablets and involving the use spark discovered very marked third 
element effects; they disappeared completely when the test material was dis- 
solved. Consequently, tablets the third element effect was connected 
with diffusion processes the electrodes and not with plasma processes 
(selective oxidation the surface the tablets cannot play essential 
part, since all the components the slag are completely 
switching over solutions, third element effects become small that from 
the graphs constructed for slag standards possible analyze slags 
widely different lime, dolomite, magnesite, iron ore, etc. Such analytical 
methods are completely out the when the test material solid 
form during analysis. 


did not find that and showed mutual effects during analysis 


7 


non-ferrous salts solutions such Azcona and Martin pointed out [4]. This 
can explained the grounds that the transformation material into the 
vapor phase our case took place from the liquid phase, while their case 
this occurred from the solid form (precipitates needle electrodes) where 

the diffusion processes were bound affect the results. 


did not find any data the literature the question third ele- 
ment effects the analysis melts involving the use sparks. 
known, however, that powerful excitation source employed, e.g., Vol- 
bank arc, then third element effects are far less pronounced. [16] 
has shown this case that the metal molten greater depth. this 
case, therefore, have two diffusion coefficients deal with: the co- 
efficient the molten metal which independent third element effects; 
and diffusion coefficient the adjacent part the solid. nat- 
ural, therefore, that when the amount molten metal increases the result 
using more powerful spark, third element effects will decrease. 


known that one works with low power spark then the 
analytical results depend the structure the test material. This easi- 
explained means the hypothesis developed, since the diffusion coeffi- 
cient depends the structure the crystalline lattice. 


effect changes the amount test element the line in- 
tensity the base element can observed number instances. E.g., 
Prokofiev [18] pointed out that during the analysis zinc bronze, 
the slope (i.e., the tangent the angle between the straight-line graph and 
the horizontal) the graph equal ca. (for ignition time ca. 
minute). ourselves, during analysis slags, the slag being 
tablet form, got graphs whose slopes were 2.4. This contradicts the generally 
accepted hypothesis according which the slope the graph equal the 
reabsorption coefficient, which cannot greater than one. Prokofiev [18] 
plains the increase slope increase zinc concentration cutting down 
the amount copper changed into vapor. this case Lomakin's formula should 
written follows: 


(4) 


izes reabsorption, factor which characterizes the effect test ele- 
ment concentration the amount base element changed into the vapor phase. 
This explanation can physically based the hypothesis have developed, 
since coefficient copper can change with changes concentra- 
tion test element. confirmation this position can advance facts 
which derive from the physics solid Thus, Gruzin, and 
Kurdyumov found that the self-diffusion coefficient y=iron depends 
significant carbon content. For carbon content 4.5% (atomic), 
approximately halved compared with pure iron, while the value under 
these conditions decreases more than times. 


Usually the effect third element increases its concentration 
increases; sometimes,however, saturation phenomenon appears, when further in- 
crease third element concentration beyond certain concentration shows 
further effect the analysis. 


This clearly demonstrated Table borrowed from Azcona and Mar- 
‘tin's work and Dekhter [5], observed similar phenomena during 
study third element effects the diffusion coefficient. They showed that the 
rate diffusion mercury lead depends the amount magnesium,and not 
depend changes the amount antimony. Addition 0.41% lowers the 


diffusion coefficient mercury, but further addition within the limits 
1.6% has effect. saturation the third element effect,which 
has been observed certain cases during spectrochemical analysis, can 
plained,together with similar phenomena, means the diffusion coefficient. 


TABLE Instances are known where 
the extent the third element 
relation| graph upper and the way which 


studied detail Vorontsov [19]. 


The facts adduced his article 
0.117 0.306 can hardly explained oxida- 


Other, the sign the effect 

also not clear why, when aluminum 
than when the aluminum electrode has diameter though Filimonov's 
hypothesis the reverse should the case, since grinding electrode area 
with smaller diameter equivalent increasing the sparking time, which should 
according Filimonov's theory, lead decrease the third element effect. 
Here again necessary resort the diffusion theory order explain 
these phenomena. decrease the diameter the upper electrode leads 
smaller sparking area, i.e., concentration energy smaller volume, and 
corresponding increase temperature the metal layer under the oxidized 
change the material the upper electrode, I.M. Veselovskaya, V.G. Koritsky, 
and L.N. Filimonov have shown, also leads change the sparking area,and 
sequently affects the temperature these parts where the diffusion processes de- 
velop actively. follows from equations (3) and (4) that the diffusion co- 
efficient only the activation energy and entropy energy,but also 
temperature. result, the relative amounts test and reference elements which 
diffuse the for equal amounts third element depend 

the temperature the metal adjacent the sparking area. change this 


temperature arising from change the material and shape the cathode will 
affect third element effects. 


0,259 from one type electrode an- 


considerable interest the work Koritsky and who 
have shown that, starting certain limiting size, heating the sample takes 
place,which leads very significant changes analytical results. E.g.,in 
one the experiments where the sample, which weighed 2.5 g,was thermally 
insulated, for Mn/Fe was +0.300, while for the same sample, non-insulated 

interesting that for the reducing agents Mn, Si, and 

increases with decreasing sample size. From the views developed Veselovsky, 
Koritsky, and Filimonov the basis selective oxidation, follows that for 

slow oxidation rates the relative intensity the reducing agents Cr/Fe, Si/Fe, 
should increase. This confirmed experiments which the upper electrode 
needle substituted metallic one. the case given above where small samples 
are used, they are initially heated up,and consequently there increase 
idation, but despite this the relative intensity the reducing agent increases 

and does not decrease wuld expected Filimonov's theory. Here again,the 
diffusion theory has called explain these changes the relative 
tensity the lines with changes sample weight; according this theory, the 
relative amounts test material and base material which diffuse the surface 
vary with changing temperature. the same time, oxidatior 
processes also come into operation, and one these phenomena apparently masks 


the other, and distinguish between them extremely sometimes. 


Twyman, Zenden, and Dreblaw, while developing method for analyzing cad- 
mium copper found one sample which would simply not fall the graph; 
chemical analysis gave value 0.92% for the sample, while spectrochemical 
analysis indicated content The sample was cast from the same mater- 
the other standards. The authors carefully studied this sample; was 
analyzed several times various ‘laboratories; contaminants were determined, its 
micro-structure, hardness, and thermal conductivity were all studied, and was 
subjected the same thermal treatment other standards; the sample was cut and 
sparked different spots, and every case the spectral analysis gave higher re- 
sults than chemical analysis. The authors could not find the reason for this dif- 
ference. Only after dissolving the test sample did spectrochemical analysis give 
values 0.92-0.94% Cd, which good agreement with chemical analysis. The 
authors gave explanation for this phenomenon. think that the reason for the 
anomalous behavior this sample that the presence third elements leads 
changes the diffusion coefficients. True, the authors did not find any third 
elements this sample amounts greater than any the other standards; from 
the physics solid boides, however, known [23] that diffusion coefficients 
depend not only the amount third elements, but also their disposition; 
the third element should segregated along the grain boundaries, then the change 
the diffusion coefficient which results will not correspond its average con- 
tent the sample. think that the only possible explanation the anomalous 
behavior this sample that the contamination (third elements) segregated 
the grain boundaries and leads considerable change the diffusion coefficients, 
which not correspond the content third elements the test When 
the test sample brought into solution, the crystalline structure broken, and 
all its defects the way segregation along the grain boundaries also disappear, 
that further anomalous behavior occurs. have gone into some detail this 
particular sample because spectroscopists often come across samples which give dif- 
ferent results according whether the analysis carried out spectrochemically 
chemically. Usually explanation can advanced for these 

Here, apparently, must turn our attention not only the amount third ele- 
but also their possible segregation along the grain boundaries. would 
desirable study all such samples bringing them into solution. 


Prokofiev [18], during studyofthe calcining curves Silumin, found that 
layer thickness 0.05 formed the metal surface, which differs appre- 
ciably from the base material the hardness. the same time, ox- 
idation processes come into operation the electrode surfaces; the analysis 
oxidized grains, however, showed that there appreciable difference between 
the composition the metal and the oxides. Thus, changes the relative inten- 
sities the lines during calcining cannot explained this case selective 
oxidation. Prokofiev only connects this change relative intensities with the 
appearance characteristic "tempered" layers. However, the discussion 
Prokofiev's article [18], Fishman poses natural question: how can one ex- 
plain the effect structure the line intensities Si, if, according Pro- 
kofiev's hypothesis, evaporation metal occurs from pools" molten 
metal where the structures are course not neutral, and whether the "pools" are 
formed from metal tempered sparking from untempered metal. explain this 
phenomenon only necessary ascribe important part diffusion processes. 
the initial stages sparking, the pools are formed directly from the electrode 
metal. Subsequently, during the sparking process, intermediate layer formed 
between the original metal and the pools, and naturally the diffusion velocity 
through this layer may differ essentially from the diffusion velocity the base 
metal. Accordingly, the film surface from which transformation the material in- 
the vapor phase occurs will differ chemical composition from the original 
material, although the whole the composition the oxidized not dif- 
fer the composition the original material. 


Naturally, ordinary metallographic analysis cannot detect this segregation. 


10, interesting compare the conditions which hold during 
the transformation material into the vapor phase during spectral 
analysis with the mechanism cathodic atomization. According Gippel's 
[24] theory which has been developed detail recently Taunes [24], the 
energy the impacting ion during cathodic polarization transferred 
several metal atoms,and this way very small part the atomized surface 
heated part falls rapidly, subsequently some evaporation ocaurs which the 
reason for cathodic atomization. The quantitative results obtained Taunes 
are good agreement with the experimental results for high gas pressure and 
small cathodic drop. The main difference from cathodic atomization the 
case condensed spark that very large amount energy localized 
small this leads explosive evaporation (jets are thrown out). 
evaporation the result, the fact that under suitably 
chosen discharge conditions, temperatures are developed which are higher than 
the boiling point the elements the sparked surface. this 
way possible explain the fact that during spark discharge there 
fractional evaporation which characteristic arc discharge, 
where the temperature the molten parts usually lower than the boiling 
point the surface components. 


During cathodic atomization, localization considerably less energy 
occurs than when condensed used; this leads fractional evap- 
oration. the latter case the metal surface only comparatively slightly 
therefore during cathodic atomization active diffusion processes 
which occur near the surface subjected the action condensed spark, 
develop. means these two factors fractional evaporation and the 
absence diffusion also possible explain the fact that during 
cathodic atomization considerable changes the composition the atomized 
surface can be. observed many instances. alloy silver and 
copper which external appearance does not differ very much from silver, 
after prolonged atomization acquires the appearance copper,since the silver 
atomized far more rapidly than copper. Addition 10% magnesium the 
silver almost completely stops atomization silver [24]. far know 
similar phenomena have not been observed during the action condensed spark 
metal surface. Thus, the difference between cathodic atomization and 
transformation material into the vapor phase during spark discharge 
determined first all localized energy. This quantitative 
difference, the case condensed spark gives rise qualitatively new 
phenomenon diffusion the surface layer and explosive evaporation which 
eliminates fractionation. 


Unfortunately, quantitative check the diffusion theory which have 
developed extremely difficult. First, very difficuit separate 
oxidation-reduction from diffusion processes. also exceedingly difficult 
evaluate the temperature those layers where diffusion active. 
addition,in contrast purely diffusion experiments, have deal with 
temperature gradient and not with constant temperature. This complicates 
matters further. has bear mind that high temperatures 
the layers adjacent the spark area lead structural changes the test 
material which are difficult assess. 


The value any theory the final count determined the practical 
conclusions which can drawn from it. think that the following practical 
conclusions may derived uniting the diifusion theory with Filimonov' 
selective oxidation theory. 


order nullify third element effects essential the 
transformation material into the vapor phase should take place from 
liquid phase conjunction with spark excitation; the test sample should 


either completely oxidized should contain excess strong reducing 
agent which does not participate the analysis, that oxides the test 
elements should appear the surface the melt. The simplest method 
achieving these requirements working with aqueous solutions,when the 
transformation into vapor phase occurs directly from the liquid phase. The 
use aqueous solutions, only half measure, since under such 
conditions undesirable effects connected with dissolution the test sample 
come into play. The following more simple and general method analysis 
may put foward: are made from powder filings, these are 
melted high frequency from separate generator, and maintained this 
state during exposure time; excitation controlled spark. 
order eliminate selective oxidation test material 
completely oxidized with stream oxygen (just for example 
turnings are oxidized during carbon determinations), the other hand 
completely reduced addition strong reducing agents which not par- 
ticipate the analysis. One can use standards this case the same 
samples (as turnings powder) are used for chemical analysis,mixed in. 
any proportions. 


must borne mind that developing this new method spec- 
trochemical analysis, one bound come against considerable 
technical difficulties. While there about years experience behind 
spectral analysis solid samples, far know, spectral analysis 
alloys conjunction with spark technique has not been applied anywhere, 
and there has been research this field. 


SUMMARY 


the basis large amount experimental material published 
papers spectral analysis the one hand, and papers the physics 
solid bodies the other, theory postulated which takes into account 
element effects during spectral analysis involving the use spark excitation. 


The practical conclusions this theory are; order eliminate 
third element effects, essential break down the crystal lattice, 
transform the test material liquid state and use spark excitation. 
the same time the sample should completely reduced completely oxidized, 
that oxidation-reduction processes can occur the surface (according 
Filimonov's theory). 


essential organize experimental work order develop new 
methods spectral analysis the basis this theory. 


Received April 6,1953. 


Observations during Correction. Ina recent issue the journal 
Spectrochimica Acta (V, No.6, 507, 1953) there short reference 


report Frederickson and Churchill,who connect errors the 
chemical analysis aluminium with the "metallurgical history" the 

sample, and they consider that order increase the accuracy the 
analysis essential work with molten test material conjunction: 
with spark excitation. The authors tested various methods melting test 
materials with this aim view and the basis their preliminary results 
came the conclusion that the most convenient method melting induction 
thus, the authors this paper,like ourselves, reckon that order 
increase analytical accuracy essential break down the crystal 
lattice, since with the breakdown the structure, all 
the changes the electrodes which are related the "metallurgical history" 
the sample also disappear. The authors, contrast us,do not give any 


explanation for the mechanism the effect changes the state the 
electrode the result spectral analysis. the other hand,we only 
suggested the expediency using induction heating for melting the test 
for spectrochemical analysis,while they have demonstrated this possibility 
experimentally with 


interest the work T.T. Magel, P.A. Kulip, and A.R. Kauffman 
[Problems Contemporary Metallurgy, No.4, 143, and Metals, (12), 
1286-1288 (1952)]in which are described carefully worked out methods in- 
duction heating metals which not involve the use crucibles. 
using this method for melting the test electrode should possible use 
stream flowing metal for analysis, this case oxidation-reduction 
processes the electrodes will not have any significance. 
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THE ANALYTICALLY-ACTIVE GROUPS 
L.M.Kulberg, A.A.Ponomarev, and 


Saratov State University 


Fairly recently one advanced the hypothesis [1], that addition 
the functional analytical groups which are present molecule 
organic reagent, and which determine the mechanism the analytical reaction, 
there are other groups atoms which, while not essentially affecting the 
reaction mechanism,nevertheless affect the character the end product 
the reaction,and thereby exert considerable effect the sensitivity. Such 
atomic groups were called analytically-active groups. The introduction 
analytically-active group into organic compound which capable under- 
going certain reactions converts the compound into analytical reagent. 


According Kuznetsov [2], when colorless organic reagent reacts with 
ion give colored reaction product,the chromophoric action this ion 
displayed. the case where the interaction colored reagent with 
ion leads the formation changed, more intense, and usually deeper color, 
the auxochrome action the ion manifested,as shown one previously 
This latter effect determined the effect the metal ion the 
intramolecular ionic state the reagent molecule. 


one considers the colored compounds formed reaction organic 
reagent with inorganic ion from the point view Dilte and Vitsinger's 
theory possible come the following conclusion, Kuznetsov 
and Kulberg did independently each other; the greater the polarity 
the reaction other conditions being equal, the more intense the 
color. Usually the reaction sensitivity increases parallel with increasing 
color intensity the reaction Consequently, such molecule con- 
tains positive negative auxochrome, then the introduction into the mole- 
cule another suitable auxochrome anti-auxochromic groups, which leads 
increase the polarity the compounds, increases the intensity and 
depth its color and consequently increases the sensitivity the reaction. 


one considers that the metal plays the part auxochrome then the 
introduction,into compound capable reacting,of another suitable auxochrome 
The correctness this hypothesis was shown Kuznetsov [6,8 
during study the effect substituents the molecules azo dyes 
and other compounds the colors the products their reaction with 


and 
rhodanine and its derivatives serve analytical reagents 


for number ions well known [14] acid media this group compounds 


The reaction mechanism not the same all cases: for Agl, Cul, 
salt formation; for all probability, complex formation, 


One the following formulas can ascribed the silver salt 
rhodanine and its derivatives: 


Agt 


(I) (II) 


The difference between these two formulas that in(I) the rhodanine com- 
pound the metal regarded intramolecular ionic compound, ina state 
dissociation [7], while (II) purely ionic. 


the case considered, Formula has low probability, because pre- 
sumes that the color the compound the same (in solution), apart from the 
nature the Me, which not confirmed experiment. 


Formula corresponds intraionic state and consequently the color 
the corresponding compounds will deeper and more intense the greater the 
ference polarity both parts the molecule. This effect will manifest 
stronger degree when auxochrome found one part the molecule, 
and anti-auxochrome the other. Since with increasing positive character, 
increases (see Discussion Results) the color intensity the respective 
substituted possible postulate that the 
auxochromic effect concentrated the rhodanine part the molecule. 
proof may pointed out that the compound. 


and its silver salt, which contain anti-auxochrome the benzylidene resi- 
due [8], not color acid alkaline media from benzylidene, 
but, like it, have pale color. 


The colors and molecular extinc- 
ction coefficients benzylidene 
Color and Values the Molar Extinction derivatives rhodanine containing 


Coefficient Benzylidene-Substituted different substituents the benz- 
Rhodanine ene ring are compared Table 

clear from the table that 
increase molecular extinction 
coefficient parallel with in- 


creases the positive character 
the auxochromes,which can 

arranged the following series, 

order increasing activity [9]: 


acetic solution 
the reagent 


Rosy brown 2.0 

OCHs Lemon yellow 

Orange that the character the colors 


the compounds adduced Table 
changes only comparatively 
small extent with introduction the substituents. order 
find reason for this necessary examine the rhodanine part the 
molecule; can establish the presence two anti-auxochromes and 
two pro-auxochromes >NH and which are located the heterocyc- 
lic ring. known [9], that when and anti-auxochrome are 
present the same molecule, they mutually compensate each other. 


Since the imino group rhodanine and its derivatives subject simul- 
taneously the ionic action two anti-auxochromic groups, then its hydro- 
gen will replaceable metal; when this occurs compounds are formed which 
are considerably more deeply colored than the original reagents. Obviously, 


result substitution hydrogen metal the total negative character 

the rhodanine part the molecule increases. This phenomenon probably 
related the increasing character the bond going from 

>NMe, which also favored the polarizing interaction between 

metal and reagent. more detailed explanation this phenomenon may 

found the theory intramolecular dissociation [7]. result 
intramolecular dissociation the metal communicates negative character one 

the parts the reagent molecule, which also gives rise electrical polarity 
with positive substituents the type located the second part 
the molecule: 


accordance with theory, acid 
media the color the compound 
formed betweeh metal and rhodanine 
case the electrical polarity 
both parts the molecule increases: 


The aim the present article 
effect the non-rhodanine part the 
molecule (of analytically-active groups) 

the sensitivity the interaction 

between the class compounds indicated and number metal ions. 


Syntheses Rhodanine Derivatives 


all, rhodanine derivatives were examined; these benzylidene 
rhodanine p-diethylaminobenzylidene rhodanine p-dimethylaminobenzylidene 
rhodanine [12], o-hydroxybenzylidene rhodanine [10]; rhodanine, 
p-hydroxybenzylidene rhodanine [10], o-hydroxynapthalene [10], 
benzylidene rhodanine [13], and furfurylidene rhodanine [10], were prepared 
according published methods. 5-Bis(p-diethylaminophenyl) -methylene rhodanine 
and 5-bis-(p-dimethylaminophenyl)-vinylene rhodanine were kindly given 
G.M. Oksengendler. The remaining compounds were prepared for the first time 


All the new rhodanine derivatives were prepared condensation the 
respective aldehyde with rhodanine aqueous medium the presence sodium 
acetate, sometimes the presence piperidine. They were all identified 
their sulfur and nitrogen contents and means their molecular weights. 


Table contains details the characteristics the new compounds 
type 


II. Discussion Results 


The The Effect the the Nature Substituents the Benzene Ring the 


Sensitivity React Reactions with Substituted Benzylidene According 
the hypothesis developed above the sensitivity the respective reactions 


Should increased successive introduction auxochromes increasing 
Dichkova and M.N. Zavalishina both students 
the syntheses these compounds. 


Ss 


Analytical Results Characterizing some Rhodanine Derivatives the Type 


Galc. 
N a 


(decomp.) 


246.5 


4 


activity. Table shows that the experimental results obtained are good 
agreement with this hypothesis. the total polarity the reaction 

product formed between reagent and ion, other conditions being equal, determines 
reaction sensitivity, then successive introduction into reagents the 


general type 


group with variable polarities,there will corresponding change 
the polarity (total) this molecule, and consequently the senstitivity. 
first approximation the change polarity may evaluated from the 
that the auxochrome series when arranged order increasing activity 
corresponds series increasing dipole moments for the respective 
groups the aromatic nucleus [15]: 


100 


obvious that the introduction group into the benzylidene 


rhodanine molecule should increase the electrical polarity the two parts 


the molecule,which leads increase the dipole moment the 
reagent molecule. The increase molar extinction coefficient the 


substituted benzylidene rhodanine,as shown clearly Table proof 
this. 


Published results [16], also confirm this point view. Thus for 


the compounds: 


the dipole moments are respectively 7.8 (I) and (II), while the 
dipole moments the methoxy-and dimethylamino-groups are 1.25 and 
respectively. 


the metal substituting the hydrogen the group ina 
rhodanine derivative alters the state the reagent molecule one 
intramolecular dissociation, then obvious that the the 
dipole moment the substituent the more deeply and intensely colored 
will the silver other suitable metallic derivative benzylidene 
rhodanine containing this atomic group. This turn should increase 
reaction sensitivity. The part played analytically-active group, 
therefore, may considered increasing the dipole moment the 
final analytical reaction product. Thus, order improve analytical 
reagents the type necessary introduce into their 
molecules substituents which possess auxochromic activity (or anti- 
activity) with the highest possible dipole moment. should 
noted that the iso-propyl group possesses the properties fairly 
strong auxochrome, approximating that the methoxy group (see Table 


The Effect Conjugated Chain Length Reaction Sensitivity. 


From dye chemistry known that the intensity and depth dye 
color depends very large extent the length the conjugated chain 
joining the auxochromes This question has been studied particular 
detail using cyanine dyes examples [17]; these dyes has been shown 
that increasing the number vinylene groups, which are amphoteric 
auxochromes, deepening color occurs. Published results also indicate 
increase dipole moment the molecule with increasing number 
vinylene groups, e.g. [16]: 


6.7 


would natural expect similar effect the case rhodanine 


derivatives and increase the number vinylene groups should 
paralleled increased sensitivity. Actually, Table shows, this 
effect observed for all the ions studied during the application poly- 


mthene derivatives benzylidene and furfurylidene rhodanines reagents. 


One can conclude, therefore, that increase conjugated chain length 


reagents the type considered factor which improves reagent properties, 
and may recommendedas means attaining this end. follows, however, 
that one must take into account that those cases where increase the 


number vinylene groups leads sharp increase the color the 
reagent itself, the sensitivity the reaction when using such reagent 


TABLE 
Effect the Nature Substituent Reaction Sensitivity* with Substituted Rhodanines. 


Metals 


! 


*Sensitivity expressed fraction where the the limitof iden- 
tification micrograms, while the denominator the reciprocal the 


2/108 
20/10? 
20/10? 
2/108 


not increase, but the contrary decrease,as result the masking 
the color the reaction product the reagent itself. This 
possibility noted the literature [8]. Such instance 

observed during comparative evaluation rhodanine reagents synthesized 
the basis Michler's ketone. 


Effec Effect_of the Position the Substituent the Benzene 


Benzylidene Rho Rhodanines Reaction Sensitivity. The values the 
moment reagent molecule and the reaction product 


depend not only the nature the substituent but also its 
position the aromatic nucleus. 


considering the complex molecules substitutedrhodanines, par- 
ticularly those containing so-called irregular atomic groups (i.e. those 
groups whose axis momentum does not coincide with line passing through 
the carbon atom the benzene ring and the atom the substituent groups 
linked the carbon atom), very difficult foresee exactly the 
effect the position substituent the value the total dipole 
the molecule. one depicts the molecule substituted 


rhodanine 
where 


then first approximation one can envisage the following possibilities: 
where the moments groups and equal sign, then the dipole moment 
will least when the groups are the para position with respect each 
other, and will increase from the the ortho-position 


the moments for groups and have different signs, then the total 


moment the molecule should diminish from the para compound through the 
meta the 


course impossible expect that this regularity will 
manifested pure form since multitude other factors, particular 
polarizing factors, will affect the total dipole moment. study from this 
point view para-, meta-, and ortho hydroxybenzylidene rhodanine, 
shown Table that almost all cases the reaction sensitivity 
falls from the ortho- the para-hydroxybenzylidene rhodanines. Since the 
negative end the dipole falls the hydroxyl group linked the aromatic 
nucleus, then with what has been said above one can postulate 
that the rhodanine residue has the same sign for the dipole moment. One can 
expect also that the case amino- and amino-alkyl derivatives, where 
these groups are the positive ends the dipole,it will the para derivativa 
which has the greatest sensitivity and the ortho derivative the least. 


_ 


The Effect Additional Auxochrome. known from color 
theory that intra ionic compounds with two auxochromes located the same 
part the molecule are more deeply and intensely colored than compounds 
with only one auxochrome. accordance with this, the silver salts 
compound 


are less deeply colored than the salts compound 


Nevertheless,as far sensitivity concerned,reagent has ad- 
vantage over reagent (see Table 3). the contrary, the latter some- 
times even more sensitive. Here, influence the character- 
istic color the reagent itself reflected reaction sensitivity, 
since solutions are far more intensely colored than those 
reagent 


Effect the Nature the Ring Connected the Rhodanines 
Reaction Sensitivity. natural assume that not only the nature 
the but the nature the itself which the substituent 
linked, have essential effect reaction sensitivity. One 
should that with increase the basic character the nucleus 
there will increase the sensitivity the reagent. 
compounds with the most basic nucleus the pyrrole nucleus which have 
the greatest sensitivity. far the derivatives benzene, penta- 
cyclomethylene, and furane are sensitivities are for the 
most part very similar one another. 


Effect the Metal Used Reaction Sensitivity. Several 
attempts have been made consider the effect polarizing factors 


the sensitivity the interaction between given reagent and given ion 
[3]. None these attempts however has giving sufficiently 
definite results. This undoubtedly the result the fact that such 
characteristic reaction the sensitivity comes under the influence 
multitude additional factors,which are not taken into account when 
the question dealt with from the purely polarization point view. 


Among these factors can include,e.g., the nature the bond between 
ion and reagent, the nature the product, the kinetic charac- 
teristics the reagent, steric hindrance, etc. 


basic value one should take not the absolute sensitivity 
given reagent, but the change which occurs going from reagent with the 
minimum polarity exactly similar reagent but with the highest possible 
polarity, then this value will direct function the change polarity 
the reagent; while all the other factors will evened out since they 
remain more less given group reagents. Let try 
forecast from this viewpoint the nature the changes sensitivity for 
elements reacting with rhodanine derivatives weakly acid medium. 


considering the results for cul, 
cluded from consideration, since the mechan- 
ism the reactions for the first two 
elements are still unexplained, while for 
the character its polarization 
interaction not clear), one can first 
all assume that changes sensitivity should 
less for ana than for cul, 
obvious from the fact that 
the first ions with valency states 
andIII have electronic structure com- 
prising electrons, and well known 
that the polarization action ions with 

incomplete shell less than one with 

electron shell. 


Change reaction sensitivity 
ions certain metals 
switching from benzylidene 
rhodanine p-dievhyl amino- 
benzylidene rhodanine. 


For group ions from the group considered,a strong polarizing 
capacity combined with tendency deformation. Since within the 
same group the periodic system this effect increases from top bottom, 
paring, their turn, ‘Agt and which have equivalent outer electronic 
shells and values for the ionic radius which are almost equal, can fore- 
cast that the doubly-charged mercury ion should have greater polarizing 
effect than the singly-charged silver ion, since the polarizing effect 
ion increases rapidly with increasing charge. the basis all that 
has been said above, the following order can postulated for the changes 
brought about changes the polarizing properties the 


clear from the ratios limits identification 
for benzylidene- and p-diethylaminobenzylidene- rhodanine are plotted 
along the the experimental results complete agreement 
with the hypothesis advanced. 


must emphasized once more that comparing the polarizing action 
ions only possible when considering compounds the same type; the 
greater the difference polarity between extreme cases the type con- 
sidered the more clearly expressed will this regularity. 


SUMMARY 


derivatives which were synthesized for the first time with 
has been established that: 

The part played analytically active group given case 
increasing the polarity (dipole moment) the molecule formed the 
result reaction between reagent and ion. 


increase the number vinylene groups reagent molecule 
polarity the molecule. 


The effect the position substituent reaction 
sitivity determined apparently the direction the dipole moment 
this substituent. 


The effect number structural factors the analytical 
properties the reagent has been studied. 


The possibility has been demonstrated forecasting (on the 
basis the polarizing properties ion) changes reaction sen- 
sitivity switching over from reagent with low polarity toa 
reagent similar type with greater polarity. 
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Reagents which possess their own characteristic colors are usually 
used for the colorimetric determination cations which not possess 
chromophoric activity [1]. During the formation compounds between 
such reagent and metallic cations shift the absorption spectrum 
observed new, more intense band formed. typical example 
the use such reagent the determination aluminium means 
alizarin, aluminon, etc. 


The use colored reagents colorimetry gives rise number 
difficulties [2]. One these difficulties result the fact 
that such reagents usually have properties,and therefore 
change color may evoked not only the formation colored 
complex with the metal determined, but also change 
the solution. carefully controlled, this effect 
can eliminated. 


greater complexity are questions connected with the character- 
istic color the reagent itself. The color excess reagent 
superimposed the color the complex result which 
the straight line relation between optical density the solution 
and the concentration the test element destroyed. Determination 
colorimetric methods thereby becomes impossible, necessitates 
corrections for the characteristic reagent color,which naturally lowers 
the accuracy [3, 5]. 


When colored reagents colorimetry the most convenient 
method adopt the scale method [2]. Nevertheless, even this 
case the characteristic color excess reagent decreases the sensitivity 
determination. Thus, for low aluminium concentrations diffi- 
cult observe the weak rose color aluminium alizarate the back- 
ground the yellow color excess alizarin. When calibration curves 
are used the curve does not pass through the origin,and the lift the 
curve the beginning low concentrations aluminium) very 


the present work have studied one the methods eliminating 
the optical difficulties mentioned above. For the colorimetric determina- 
tion aluminum means alizarin,we used method extracting the 
excess reagent; this method the influence the color excess 
alizarin the color the aluminum alizarate solution eliminated. 
Aluminum alizarate not extracted with non-aqueous solvents. 


This method can applied stable compounds. proof that 
aluminum alizarate not decomposed during extraction excess alizarin 
with ether, has been shown that during 2-3 extractions excess al- 
izarin with ether, the third extraction not colored yellow alizarin. 


Both alizarin and its sodium sulfonate (alizarin were used 
reagents for aluminum determination. Alizarin dissolves readily 
water and only poorly extracted non-aqueous solvents. Alizarin 


(unsulfonated),although only slightly soluble water,is easily 
extracted from aqueous solutions with ether. Alizarin was therefore 
used the method employed for eliminating the effect excess colored 
reagent. 


During colorimetric determination aluminum means alizarin, 
the has strictly controlled. Strict control the the 
aqueous phase over definite range during extraction excess alizarin 
also essential. increasing the the alizarin the 
aqueous phase passes over into intensely colored ionic form (the uni- 
substituted sodium salt formed). this form alizarin not ex- 
tracted with organic solvents. Nevertheless,at 5-5.5 for the 
aqueous phase the one usually used for the determination aluminum 
extraction excess alizarin permits the sensitivity the determination 
between aluminum concentration and solution color. 


The optical characteristics adduced below were obtained means 
photometer, Maximal light absorption aluminum alizarate observed 
the 496-533 region the spectrum. light filter with 
effective wave length 496 the molar absorption coefficient 
aluminum alizarate (AlAliz) equal this 
part the spectrum molar coefficient the reagent 


During colorimetric determination, known amount alizarin 
added the test solution independently the amount aluminum present, 
since this not known. appreciable concentrations aluminum the 
alizarate color will readily observable. the amount 
minum amounts 1/10 the amount reagent added, then the optical 
density which determined the aluminum alizarate will 
found depend the optical density determined the residue 
alizarate follows: 


0:9. 
the reaction has low sensitivity; this case the ratio 
optical densities determined alizarate and 


i.e., the optical the solution,determined aluminum alizarate, 
amounts all only 0.17 the optical density determined the excess 

colored reagent will difficult, therefore, observe 

the color the aluminum alizarate. extracting excess alizarin with 
ether, this masking effect removed. Apart from the increase 


The results obtained are approximate since aluminum alizarate 
insoluble water; the light absorption colloidal solutions 
gelatin the stabilizer was measured. 


was used for these measurements, since alizarin only 
very slightly soluble inwater and its saturated solution colorless. 


which observed when excess alizarin extracted with ether, straight line 
relation holds between optical density the aluminum alizarate solution and 
aluminum moreover,the straight line optical density aluminum 
concentration passes through the origin. 


The graph shows the calibration curve for light filter with transmission 
region 496 Optical density plotted along the ordinate and aluminun 
centration micrograms solution (aqueous phase) along the abscissa. 


Excess alizarin was removed 
extraction. Various organic solvents 
were tried for the extraction. Best 
results were obtained with ether. Al- 
coholic solutions alizarin were used. 
Aluminum alizarate formed more rapidly 
heating the solution. For further 
work, therefore, the solutions were 
heated water bath. 


The optical density aluminum 
alizarate solution was measured without 
excess alizarin. consideration the 
graph shows that straight line reli- 
tion holds between optical density 
the solutions and their aluminum content 
The solutions aluminum 
alizarate were stable with time. 
ical results were obtained when color 
intensity was measured immediately, 

hours after the formation 

the alizarate. 


Colorimetric Determination Small Amounts Aluminum Metallic, Zinc 


The presence small amounts aluminum (of the order tenths 
hundredths per cent) metallic zinc great importance hot gal- 
vanizing. For best quality coating, aluminum amounts 0.3% added 
the galvanizing bath. published methods determining aluminum the 
presence large amounts zinc, Lekhovitsky's work [4] should men- 
tioned; proposed method for determining aluminum zinc alloys containing 
cipitation aluminum aluminum hydroxide with ammonia, and subsequent determ- 
ination aluminum phosphate. This method suitable for zinc alloys con- 
taining relatively large amounts aluminum, but requires time. 


have worked out method for the colorimetric determination aluminum 
zinc which based the formation aluminum alizarate. The optical 
density aluminum alizarate solutions the absence zinc and the pres- 
ence zinc amounts 0.1 0.2 g/10 was the same. Zinc, 
amounts 0.1 0.2 does not interefere with the colorimetric deter- 


mination 


Iron one the worst elements for interfering with the colorimetric 
determination aluminum forms brightly colored lac 
with was removed extracting the form iron thio- 
cyanate complex with mixture butyl alcohol and ether the ratio 

2:5. The use this mixture permits iron removed amounts 10-15 
from 25-40 test solution using two three extractions. The pos- 
sibility separating aluminum and iron was checked synthetic mixtures. 

The results obtained are adduced Table 


These results show that alumi- 


num and iron can separated from 


The following procedure 
adopted for the determination 
aluminum metallic 


after which solution 

excess does not interfere, since subsequently decolorized 
treating with thiocyanate. The solution transferred separating funnel, 
which the iron extracted with three butyl 
ether mixture (5:2). The water phase drained off into 100 standard 
flask and diluted the mark. this solution transferred 
test tube, 0.5 saturated alcoholic solution alizarin (0.03 
100 alcohol) added, followed gelatin solution. The solu- 
tion made alkaline with sodium hydroxide give rosy blue color 
when acid added until the color yellow. 
the ratio 3:2) and the tube immersed boiling water 
bath for minutes. The tube and the solution transferred 
cylinder for colorimetric determi nation, the volume being made 
with buffer solution. Excess alizarin extracted the cylinder with 
The ether can separated separating funnel and the 
color intensity the aqueous phase measured photometer or. colorimeter. 
The color intensity the aqueous layer compared with the color intensity 
the aqueous layers standard solutions aluminum alizarate prepared 
the same way. Several standard aluminum alizarate should 
pared containing varying amounts aluminum. The method suggested was checked 
the method addition synthetic containing 0.3 zinc. 
The results obtained are adduced Table 


These results 
0.075 can determined 
0.035 


SUMMARY 


For the determination aluminum with alizarin new colorimetric 
method involving the use colored reagents employed; this includes ex- 
traction excess reagent with non-aqueous solvent and subsequent colori- 
metric determination the complex compound the aqueous phase. 


method proposed for the determination small amounts aluminum 
metallic zinc based the formation aluminum alizarate. 
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THE QUANTITATIVE DETERMINATION OPIANIC ACID 


The Serge Ordzhonikidze All-Union Scientific Research 
Chemico- Pharmaceutical Institute, Moscow 


Opianic acid has recently begun find wide use the pharmaceutical 
industry for the preparation medicinal preparations. This necessitates 
working out method for its quantitative determination which suitable for 
both pure opianic acid and for technical opianic acid,which also contains 
hemipinic acid. 


COOH 
COOH 


acid Hemipinic acid 


Since alkalimetric titration not suitable for the determination tech- 
nical opianic acid, started looking for other methods, particular for 
methods characteristic the aldehyde groups present opianic acid. 


The work was carried out with opianic acid purified two conversions 
through the pseudo ester The melting point the product was 
(published data 145, 150° [1]). 


The percentage purity the acid determined titration was 99.69 
(more correctly, back titration). The usual methods used for the determination 
compounds containing the carbonyl group, such the sulfite and bisulfite 
methods and the formation their application under the most 
diverse conditions, did not give positive results. Low and variable results 
were also obtained when opianic acid was determined the formation its 
anil derivative [2] 81.94, 


Much more consistent and higher results were obtained when methods based 
the formation various hydrazines this acid were used. Thus, when 
phenylopiazone [3] was prepared, the yield 
responded 95% opianic acid. Even better results were given the 


= 


opiazone, [4], which was prepared heating opianic acid 
parts) concentrated aqueous solution with hydrazine sulfate parts) 
and sodium acetate parts), also concentrated aqueous solution, for 
minutes. This reaction seemed promising one for the quantitative 
tion opianic acid. 


Actually, changing the ratios the components the basis number 
that the amount hydrazine sulfate was parts and sodium acetate 
parts while the amount opianic acid was left unchanged, and the same time 
extending the heating period hours, increased the yield acid 
98.0 98.54%. 


The opiazone prepared,which was melted (without recrystalli- 
zation) 164 results. 166° [4]. have not yet succeeded 
raising the yield 100% under the conditions employed. Nevertheless, when 
took synthetic mixture (60:40) pure opianic acid and pure hemipinic acid 
(melting point hemipinic acid, 175 179° and 
177 and determined the opianic acid the method described, 
got mean 99.82%, (98.67, 100.8, 100.0%). The opiazone thus prepared 


melted 164 165°, 165 166°, which indicates the absence any contamina- 
tion. 


order check whether not during the reaction hydrazides 
hemipinic acid precipitate they are formed these conditions), even 
though only partially, hemipinic acid itself precipitates, made some tests 
the action hydrazine sulfate and sodium acetate pure hemipinic acid 
under the conditions employed above. 


After hours heating, precipitate precipitate separated 
out even standing for 


The fact that quantitative yield acid was from its 
mixture with hemipinic acid leads the assumption that hemipinic 
acid exerts salting out effect the opiazone which, result certain 
solubility, partially soluble. 


this basis clear that this the reason for the low ob- 
tained when analyzing pure opianic acid. 


order check this hypothesis, used sodium chloride for. salting 
out the opiazone from pure acid solution instead hemipinic acid, 
The amount sodium chloride used was 10% the opianic acid. The yield was 
raised 99.5%. The the opiazone was 166 
corresponds the point the pure opiazone. Numerous repeats this 
reaction (with pure opianic acid and sodium chloride) confirmed the preliminary 
results obtained and gave good agreement replicate determinations. Thus, 
for the same sample opianic acid, got 99,37, 48, 99. 20, and 99. 


Analysis Pure Acid acid means 
opiazone eminently 
technical opianic acid, 
opianic acid deter- 
mined from the opiazone 


obtained 


0.3041 chloride). Hemipinic 
0.3021 0.0338 166-166.5 acid determined 


follows: titration 
with alkali total 
acids terms hemi- 
pinic acid are determined. From this total, the amount opianic acid 


terms hemipinic acid substracted, the acid 
content (Table 2). 


All the melting points given for the opiazone are dried 110°. 
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TABLE 
Analysis Technical Opianic Acid 


Total 
points 


ether, 


Since technical opianic acid, incompletely washed from mother liquor, 
contain traces cotarnine which has aldehyde group, 


CHOH 


NHC NCH 


carried out some tests its interaction with hydrazine sulfate and sodium 
acetate under the same conditions those used for the preparation opiazone. 
precipitate was formed, that any possible contamination opianic acid 
cotarnine should not affect the results opianic acid determinations. 


Experimental Procedure for the Determination Opianic Acid 


About 0,3 (accurately weighed) opianic acid weighed into 100 
conical flask, pure sodium chloride added and dissolved 
water, and the mixture boiled. the same time mixture 0.3 hydrazine 
sulfate and 0.4 anhydrous sodium acetate dissolved water 
boiling test tube. The two boiling solutions are combined, the salt solu- 
tion being added the opianic acid solution. doing this, the solution 
becomes turbid, heated until the precipitate dissolves,when placed 
boiling water bath under reflux condenser and heated for hours. 
the end this period crystals opiazone form, the amount which increases 
considerably cooling. After 4-5 hours, the opiazone sucked dry 
filter crucible; washed with small amounts water lots 
each) until the filtrate free from sulfate and ions (test with 
barium. chloride and silver nitrate respectively).. 


The opiazone dried constant weight percentage 
opianic acid calculated from the formula: 


where the weight opiazone obtained, 1.0193 the conversion 
for opianic acid, the weight opianic acid 


When technical opianic acid being analyzed, there need add 
sodium chloride. 


Number 

azone 100° 
97.92 1.27 None None 0.26 
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SUMMARY 
method described for the quantitative determination opianic acid 


which based the formation opiazone the action hydrazine sulfate 
and anhydrous sodium acetate. 


This method can used for the determination both pure and technical 
grade opianic acid, 
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ANALYTICAL METHODS FOR HALO-ETHERS 


Institute Organic Chemistry, USSR Academy Moscow 


The analysis poly-halo derivatives organic compounds has attracted 
the attention many chemists [1, 2], and presents considerable difficulties. 
known [1], that accumulation halogen atoms molecules organic 
compounds leads sharp decrease their reactivity result which 
determination total halogen can only achieved under particularly stringent 
conditions (high temperature, pressure). The and 
alkylethers the general structure 


and 


tested the authors, despite the presence atoms halogen,are 
exceptionally reactive [3,4]. Till recently only compounds the general 
formula indicated above with [5,6], were known. Subsequently, when 
simple vinyl ethers became generally available general method [3,4] 

was worked out their basis for the synthesis 


ethers are formed this reaction. 
these test compounds, just mono halo ethers [8], the halogen atom which 

the with respect the alkoxy group can readily substituted 
other atoms and groups. most cases the reactions occur room 
ture. The halogen atoms the remain untouched during the reactions. 
This characteristic behavior the halo ethers explained the strong in- 
fluence the oxygen atom which possesses unique properties 


particular interest the reaction ether with 


halo substituted acetaldehyde, alcohol, and hydrogen halide are formed, 
The latter can titrated with alkali silver nitrate. The rate hydrolysis 
these compounds the order those ionic reactions, and the reaction 
has been used for the quantitative and qualitative detection 
alkyl Similar properties are possessed other halo derivatives 
the ethers which contain one halogen atom the carbon atom with alkoxy group. 
Thus ethers the type 


considerable tendency for substitution the atom observed 
Obviously the hydrolysis reaction can also used for the analysis these 
ethers (II) the atom also 
capable being replaced hydroxyl group reacting with water; this re- 
action is, however, rather slow. order that all the hydrogen halide evolved 
may determined, necessary shake the trichloroether with water for 
30-40 minutes. Adjacent halogen atoms slow down the reaction this case. 


and ethers show the following qualitative reac- 


with fuchsin sulfurous acid, they give rose color which rapidly 
changes the violet characteristic. aldehydes. 


with 2,4-dinitrophenylhydrazine, they interact 
derivatives the respective halo-aldehydes. 


with silver nitrate, immediate precipitate silver chloride 


with orange, they give bright red 


analyzed ethers titration the hydrogen halide 
with alkali silver nitrate. The Volhard method was used for the silver 
nitrate is, however, more convenient use the Mohr method, 
after preliminary neutralization the hydrogen halide with this 
case the halogen can determined one aliquot one method 
serving check the other. 


EXPERIMENTAL 
Table contains some the constants for the materials. 


TABLE 
Constants the Halo Ethers Analyzed 


Formula Boiling point 


Quantitative Determinations Were Made Follows 


stopper rapidly added aliquot the test (preferably thin 
walled ampoule). contents the flask are shaken (the ampoule breaks) and 
after several minutes (for dichloro ethers, 10-15 minutes; for trichloro ethers, 
30-40 minutes), they are titrated with alkali,using methyl orange 
cator. The acid equivalent the molecular the ether thereby de- 
termined. the percentage active halogen determined, then the 
tents are titrated with the presence indicator 
(Mohr's method). Methyl orange does not interfere with the titration. Active 
halogen can also determined titration with according the Volhard 
method, but this case there preliminary neutralization (indicator ferric 
alum) (Tables 3). 


TABLE 


Quantitative Determination Halogen and 
Ethers 


Formula 


Total halogen (as 
ether 


determined com- 
bustion method) 


active halogen (as 
determined titration with 
silver nitrate) 


Weight 
0.1117 7.05 |22.60 100.72 45.08 99.82 
For this ether results microdeterminations are given. 
TABLE 
ether taken, weight weight 
158.8 156.99 101.20 
0.2752 15.00: 99.13 


4 


SUMMARY 


method has been worked out for the quantitative and qualitative analysis 
and ethers, based titration the 
hydrogen chloride formed their hydrolysis. means this method, 
possible determine the degree purity the concentration the halo ethers, 
and also determine the position the halogen atoms that their structure 
can established. 
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CERTAIN ANALYTICAL PROPERTIES 
AND ITS SYNTHESIS 


Grzhegorzhevsky 


which analog dithizone,was synthesized 
the Soviet chemist, Suprunovich; also studied the general properties 
[1]. 


comparative study the properties and 
dithizone interest both from the point view accumulating material 
characterizing the effect substituents the properties the dithizone 
group,and for its practical application for the determination small amounts 
metals. 


was synthesized Suprunovich's method [1]. 
There one very important drawback with his method; viz., incomplete conver- 
sion the intermediate product the synthesis naphthylthiocarbazic 
naphthylhydrazine into thiocarbazide,and the partial decomposition the 
latter. This drawback connected with the difficulty heating the product 
evenly over short time. result, the con- 
taminated and has recrystallized several times. order eliminate 
this difficulty, number experiments were carried out modify the last 
stages the synthesis. was experimentally established how the intermediate 
product could spontaneously converted into the 


The following method was adopted: naphthylhydrazine was finely 

ground and decomposed separating funnel with sodium hydroxide (50 
under ether layer; the alkaline solution was extracted times with 
ether, the extracts being collected ina flask. The calculated amount car- 

bon bisulfide was then added dropwise with stirring into the flask. The white 
precipitate intermediate product which separated out was filtered off, washed 
twice with ether, dried between filter papers,and then finely ground. The pow- 
dered intermediate product was then distributed thin layer over piece 
glass and kept vacuum desiccator for few days. Control the con- 
version the intermediate product into naphthylthiocarbazide was achieved 
control the melting point temperature. reaching melting point 
145°, the powder was treated with potassium hydroxide 96% ethyl alcohol. 
The red solution obtained was immediately poured into sulfuric acid which 
di-naphthylthiocarbazone was precipitated. The precipitate was filtered, washed 
first with water and then with alcohol, pressed between filter dried 
desiccator. 


studied number the analytical properties 
Tests showed that the substitution CeHs (of dithizone) leads 
essential changes the properties the First, limit iden- 
tification affected. 


determined the limits identification for copper, zinc, and mercury 
using dithizone and respectively. The tests were 
made follows: known volume dithizone 


carbon tetrachloride was introduced into micro test tube; the 
concentration used was 


solution the test metal salt was then added. The volume metal salt 
solution was kept the concentration was varied. The test tubes 
were shaken for seconds. Results are given Table (for Table 
(for zinc) and Table (for mercury). 


TABLE 


gent, 


thiocarba zone 


0.015 0,05 lue Green 0,015 


TABLE 


gent thiocarbazone thiocarba zone 

0.025 0.025 Blue-violet Light rea 
0.020 0.025 Blue-violet Green 
0,015 0.025 Blue 


0.010 0.025 Blue Green 0.010 
Green 


identification iny 
thiocarba 


Dithizone 
thiocarbazone 


Orange 
Green 
Green 
Green 
Green 


conclusion should like express thanks for valuable advice and 


guidance Suprunovich, Candidate Chemical Sciences, the former 
tor this part the work. 


SUMMARY 


The spontaneous conversion the product 
thiocarbazone synthesis naphthylthiocarbazide has been established. 


identification have been established for copper, zinc and 
mercury,using reagent. all cases the limits 
identification are greater than for dithizone. 


gent 
0.05 0.025 Blue 
122 


The increased sensitivity reactions with 
compared with those dithizone indicates higher stability the inner 
complex salts than that the inner complex salts 
dithizone. 
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NEW QUALITATIVE REACTION FOR LIGNIN 


Beketovsky 


Ryazan State Pedagogical Institute 


The reagents most often used for detection lignin are certain 
phenols and nitrogen containing compounds [1-4]. Color reactions given 

lignin with ana sulfite, ana with concentrated hydrogen halides 
are aico used, color when reacts with concen- 
tratea Other reactions have also beer used for detecting 


lignin. have previously [5] described hydrogen sulfide reaction for 
lignin. 


New observations have shown that lignin-containing materials also give 
greenish color when tested with cupric nitrate. the previous work, papers 


different types were used test objects containing lignin (wrapping paper, 
low grade writing paper). 


normal solution cupric nitrate used. The reaction sensitivity was 
determined follows: solution cupric nitrate gave intense color 
with materials containing lignin (initially this solution was prepared for the 
determination sulfur contents certain organic materials). This solution 
was diluted twice and then its sensitivity checked again, until solution was 
obtained which gave just-observable but definite color with wrapping paper. 


The limiting concentration cupric nitrate which color was still observ- 
able with lignin was 0.001 


test best carried out follows: solution cupric nitrate 
prepared (best results are obtained with saturated solution). few drops 


test solution are placed the material tested for lignin. Color 
should develop few minutes. 


Different samples wrapping paper treated this way gave yellow-green 
color. Similar results were obtained when text book paper, writing paper and 
newspaper were tried. was observed during these tests that the poorer the 
quality the paper,the more intense the green color obtained,and vice-versa. 
cellulose (hygroscopic cotton wool, and ashless filter papers 
various types) under such conditions gives blue color. 


The advantages the cupric nitrate reaction for lignin compared with 
the hydrogen sulfide reaction described previously and other reactions for lignin 
mentioned above [1-4],is its simplicity, rapidity, and absence such volatile 
poisonous materials hydrogen sulfide, hydrogen chloride, etc. 


The method just like the hydrogen sulfide method permits one 
get rough estimate the amount lignin and cellulose test materials 
(according the intensity the spot). 
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MECHANICAL P-TRANSFORMER 


The Vernadsky Institute Geochemistry and 
Analytical Chemistry, Academy Sciences, Moscow 


The possibility has been demonstrated number papers recently 
the characteristic curve the photographic emulsion within 
wide blackening range means the transformation 


where the blackening logio/i; 1), and the parameter. 
has also been shown that expedient use the relation 
when carrying out spectrographic 2], and X-ray spectrographic [3, 
analyses. shown experimentally, the transformation parameter changes its 
value with different types photographic film, and general depends the 
wave length the light registered. This prevents the P-transformation from 
being universal,and necessitates calculation the nature the relation 

P(S) for each actual value the parameter. 


this paper describe the construction mechanical set-up called 
the means which the above calculations can carried out 
automatically, thereby speeding and simplifying their use. number 
possible variants the transformer, shall only consider the one which 
most convenient use. The schematic features the P-transformer used 
our laboratory are shown (Figure). consists combination fixed 
are made graphically for various values parameter and movable 
straight edge which enables values 1(S and corresponding different 
values the blackening added up. 


result these calculations; viz., the value 
read off the last scale the The movable radius the 
sector enables any value fixed the interval +3. The latter 
values are disposed the contour the circular sector scale proportional 
the cosine (the outer scale the diagram) the cotangent (the inner scale 
the diagram) the angle inclination the movable radius vector the 
horizontal. the first case (a) the-universal (rectified for all values 
should arranged the movable radius vector; the second case (b) 
the fixed ordinate axis. both cases the abscissa the point inter- 
section the radius vector with the straight line parallel the axis, 
corresponding tothe selected value the blackening will equal 
this point the horizontal scale the circular sector made coincide 
with point the nomogram W(S) plotted the movable straight 
then the result calculations will read off the result scale 
point lying one the verticals from the point characterizing the blackening 
the line the movable straight edge. For this purpose paral- 
lel the horizontal axis and fitted with fine vertical thread not shown 
the used. 


arrow. 


The procedure for using the P-transformer for carrying out the calcula- 
tions indicated above; e.g., for calculating corresponding 0:2 and 


made clear from the diagram (case and the dotted lines and 
arrows. 


constructing one these P-transformers, one must remember that the 
value the diameter the circular sector decisive importance; its 
value may chosen arbitrarily, after which the scalesof all the other parts 
are linked together, the actual values being determined the limits the 
variables. They are calculated the usually accepted principles nomography 
shown experimentally, having chosen 200 mm, possible con- 
struct Patransformer means which possible calculate values 
corresponding various values, and carry out the reverse calculations 
regions low blackening with accuracy 0.01. 


those exceptional cases where such accuracy insufficient, the use 


mechanical transformer will little good,since would very 
large. 


the majority cases, however, the accuracy 0.01 should suffi- 
cient. The use such set-up,+) particularly can manufactured, 
should prove great benefit large number spectroscopists working 
either with the visible X-ray part the spectrum. 


Received October 13, 1952. 


LITERATURE CITED 

[1] Kaiser, Spectrochemica Acta 149 (1948). 

Prokofiev, "Photometric Methods for the Quantitative Analysis 
Metals and Alloys," II, State United Sci.-Tech. Press, 1951. 

Chem., 7,6 

[4] Vainshtein and Turanskaya, Chem., 346 (1953)2) 

[5] Vainshstein, Anal. Chem., 311 (1953)9 


[6] B.A. Nevsky, "Notebook State Theoretical-Tethnical 
Literature Press, 1951. 


See Consultants Bureau Translation, page 403. 
See Consultants Bureau Translation, page 385. 
See Consultants Bureau Translation, page 347. 


also tried out another variant the transformer which calculations 
were made the values ona logarithmic scale. The instrument 
more compact. was, however, not convenient work with the one 


described above. 
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DISCUSSION 


REFRACTIVE DISPERSION AND COMPARATIVE EVALUATION 


and Tarasova 


the course our present work came against the necessity de- 
termining the aromatic hydrocarbon content mixtures ofhydrocarbons 
ing other hydrocarbons well, particular paraffin hydrocarbons, rapidly 
and small volume test liquid. tested number methods 
and finally settled methods involving the use specific relative 
The work which during 1946-48 checking the appli- 
cability for this purpose the values specific dispersion (Grosse and 
Wackher [1]) and the relative dispersion (Mokhnatkin [2] and [3]) 
showed that for number mixtures containing benzene and toluene, these 
values not follow the additivity rule. Other authors [4], came the 
same conclusion including Ioffe [5]. Accordingly, his calculations based 
relative dispersions, had introduce empirical coefficients,and then 
carried out his calculations bythe method successive approximations. 


1949 Musaev [6] showed that possible avoid introducing cor- 
rections the benzene content from the value the difference 
between specific refractions the mixture for two lines the hydrogen spec- 
trum. 


article published No. the Anal. Chem. for 1953 
noted that possible avoid introducing corrections the 
ation benzene and toluene number mixtures using the values 


easy see from the results adduced Table our article that 
for mixtures and heptane~benzene, particularly when the 
are expressed graphically, the values (relative dispersion 
culated according method) not follow the additivity rule; the 
same time the values (calculated means the equation given our 
article), characterizing the content benzene the mixture, follow this 
rule (Figs. and 2). From the results given Table our article, 
follows that for mixtures the values not 
low the additivity rule; neither the values follow this rule for the 
mixtures enumerated above (Figs. and 2), toluene concentration expressed 
wt. but are additive toluene concentration expressed molar 
(Fig. 3). The values and for mixtures 
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also follow the additivity rule,if for calculating “pop the toluene concentra- 
(Fig. 4). 


! 


Our article led [8] protest that fails see any justif- 
ication for our preference proposed him, stating that 
expediency introducing new method should obviously based 
ful comparison both methods,using experimental results for the same test mate- 
rials under identical conditions." 


never suggested that our formula should replace the equations relating 
specific and relative dispersions hydrocarbon mixtures with their aromatic 
content. far these equations embrace large amount experimental 
data, were only concerned with results relating series mixtures. 


Neither did regard the use new method determining aro- 


should like observe, however, that the values and 
were calculated the basis experimental results obtained the same test 
materials and under identical conditions; i.e., compared them just Ioffe 
recommends. Such comparison led the conclusions set out the end 
our paper. 


With respect the numerous examples which adduced order 
article), they not satisfy because they are mainly mixtures which not 
contain benzene and toluene (Table 2). 


* 


Fig. Fig. 


makes this further assertion: very reliable results 
Pavloy (for mixtures Authors.) not confirm, 
rather they contradict the conclusion the additivity The incorrect 
interpretation these results Kazansky probably the re- 
sult errors calculation.” This assertion based misunderstand- 
ing which can explained inaccuracy the text our article. The 
additivity values becomesapparent from Pavlov's results [9], 
when benzene concentration expressed molar under these conditions 
“FCD values display systematic deviations from additivity. 


reproaches for not listing all his papers devoted the 
application dispersometry hydrocarbon analysis, seeing this apparently 
attempt our part belittle his work. our article did not belittle 
the important contributions made the study refractive in- 
dex, specific gravity, ard dispersion numerous individual hydrocarbons and 
also the development dispersometric methods analysis. Nevertheless, 
since had consider the variants these methods very condensed 
form, did not consider our task draw exhaustive bibliography 
the question. Accordingly discussing work, confined 
ourselves reference one his first articles (1946) and the latest 
(1950) known the time writing our paper, starting from which 
possible for the reader find out all about loffe's work. 


For the same reason did not mention the possibilities determining 
aromatic hydrocarbons means values; this function nothing new 
principle and, the words the author, "improved variant 
the 


deal with Ioffe's assertion that were wrong 
dating his paper 1946 year later than that 1945, when 
fact Ioffe reported his work the the USSR Acad. Sci. 


* 


considerably earlier and sent his arti- 
cle press April, 1945. heard 
from Ioffe about his work before actual 
publication his article. Moreover, 
his work served starting off point 
for the use dispersometric methods 
our current work. Nevertheless, had 
knowledge when Mokhnatkin sent 
his paper the editorial board 
Progress Chemistry,or where and when 
his work was subjected preliminary 
consideration. Following the customary 
procedure referring published 
work, therefore, listed Mokhnatkin's 
work being one year earlier than 
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STEPANOVICH PRZHEVALSKY 
(On his 75th Birthday) 


the 12th February,1954 Evgeny Stepanovich 
Chemical Sciences, celebrated his 75th birthday and also years 
scientific and teaching activity Professor the M.V.Lomonosov Moscow 
State University. 


During this half century Przhevalsky has worked within the walls Moscow 
University, devoting all his energy and knowledge the education young chem- 
ists and instilling interest science them. 


When completed the Nezhinsky Classical School 1898 entered the 
Natural Sciences Section-Mathematico-Physics faculty Moscow University, and 
ever since his scientific life has been connected with that University. While 
still student, Przhevalsky started work, first under V.V. Markovnikov and 
then under N.D. Zelinsky. 1903 finished his course the University, 
graduating with first class honors. completion his degree soon became 
assistant the Organic and Analytical Chemistry Faculty. 


The history the development the school analytical chemistry 
Moscow University closely linked with the name Przhevalsky. 1929 
took part organizing Analytical Chemistry the Chemistry Faculty 
Moscow State University. 1930 was made head this Chair. 


The Analytical Section has always been his favorite. Being first class 
teacher, developed corps highly qualified analysts, who were mostly 
his own pupils. built the courses level capable satisfying 
temporary demands both the pedagogic sides, and took active 
part drawing the courses, theoretical and practical. his initiative and 
under his direct leadership, course analysis mineral raw materials, metals, 
and alloys was organized. 


did not confine all his research and teaching activities the University, 
and after the October Revolution took part building the Institute 
Chemical Reagents. analytical chemist his specialty has been the determin- 
ation small amounts contaminants reagents. Przhevalsky has organized 
large amount work the standardization the quality chemical reagents 
Russian make result this work technical conditions manufacture 
and methods chemical testing for more than 200 reagents were confirmed the 
Standardization Committee, and published subsequently the form collection. 


Przhevalsky has also done lot research the determination trace 
amounts,in the analytical section the University,in conjunction with his students. 


has paid lot attention organic reagents. 


Przhevalsky has always been connected with the work Institutes and factories; 
has acted consultant for complex analyses requiring lot analytical 
experience and knowledge. 


addition his scientific and teaching activity has also edited 
number books and textbooks. 


After organizing Moscow branch the Mendeleev Chemical Society was 


made chairman the division, position held for many years. 


From 1939-1944 Przhevalsky was Dean the Chemistry Faculty. From 
has been head the Scientific Research Institute Chem- 
istry State University. 


For his work has been rewarded more than ane occasion. has 
received the Order Lenin and medals inscribed “For valorous work the Great 
Patriotic War" and Moscow- 800 years ".. 


wish Przhevalsky many more years fruitful work teach- 
ing and science for the good our Socialist country, and further successes 
all his undertakings. 


RESOLUTIONS PASSED THE ALL-UNION CONFERENCE THE APPLICATION 
TSVET'S CHROMATOGRAPHIC METHOD CHEMICAL ANALYSIS, 
CONVENED 
THE VERNADSKY INSTITUTE GEOCHEMISTRY AND ANALYTICAL CHEMISTRY 
AND IN.WHICH THE COMMISSION 

THE DIVISION GENERAL CHEMISTRY 


(Moscow, November 18-21, 1953) 


This was called celebrate the 50th anniversary 
the publication Tsvet's first paper chromatographic analysis, has 
shown that this new phenomenon discovered the Russian scientist, 
Tsvet, has grown into powerful instrument analytical chemistry which 
mits the most difficult problems practical and scientific interest 
solved. 


the conference, which was highly scientific level and which 
the participants took active part, more than 500 people from cities at- 
tended the plenary sessions. Fifty-six reports were read and discussed. 
More than people took part the discussions. 


The conference demonstrated the wide scope scientific and applied re- 
search chromatography the Soviet Union and the attainment the most 
important successes. 


demonstrated the reports read the conference, Soviet scientists 
are working further developments the theory the chromatographic method 
analysis (A. Zhukhovitsky); chemical hypotheses are being applied 
existing physical views (D. Ryabchikov and Kuznetsov) new methods 
are being worked out for carrying out certain processes, complex chromatographic 
processes are being automatized (K. Chmutov); the scope chromatography 
being widened, and being applied new fields. New methods, chroma- 
thermographic and thermodynamic, are being developed (A. Zhukhovitsky and 
Turkeltaub). 


Russian research workers, having studied the materials used for chromatography 
from all angles, have decided, particular, method for preparing silica 
gel with given properties (A. Kiselev and Neimark); selective 
resins have been developed (V. Klyachko); methods select- 
ing the appropriate ion-exchange resin for particular job have been worked 
out (D. Ryabchikov and coworkers, Chmutov, Gapon); some workers 
are concerned with the question systematization. 


Soviet scientists have perfected inorganic chromatographic analysis 
others); analysis biologically important organic compounds, including 
amino acids (T. Pakhina, Bezinger); carbohydrates (B. Zaitseva 
Doman); vitamins (B. Savinov); pigments and tannin materials 
(M. Zaprometov), etc.; analysis other products, such resins, 
ing products (I. Kalechits, Medvedeva and others); gases (N. 
Turkeltaub); petroleum (S. Sergienko and pharmaceutical prod- 
ucts (F. Shemyakin), and the analysis many other materials. 


The conference noted with satisfaction that the majority the work 
ried out chromatography Soviet chemists was done with the Russian made 
resins. Recently the quality and variety ion-exchange resins 
have improved. large amount work the synthesis ion-exchange resins 
and the ensuring supplies scientific establishments has been effected 
the Mendeleev Institute Chem. Tech., Moscow (A. Davankov, Losev, 
Work the synthesis ion-exchange resins has also 
been carried out the Academy Science, USSR (A. Vanshteidt, 
Vasilev and Orkhimenko) and the State Institute Planning, 
Chemical Engineering. 


The Central Scientific Research Institute the Cellulose and Paper 
Industry has worked out method for manufacturing chromatographic paper. 


The conference also stated that alongside these successes the devel- 
opment chromatography the USSR, there are also number factors 
which hinder the wide application chromatographic methods and their intro- 
duction factory laboratories 


The Ministry Chemical Industry has not hitherto issued wide enough 
assortment efficient ion-exchange materials synthesized Soviet chemists, 
Such purified silica gel and activated charcoal, for laboratory and indus- 
trial needs. There are not enough special solvents and special reagents for 
chromatographic purposes, particularly for partition chromatography, 


Special chromatographic paper has not yet been produced the Ministry 
the Wood and Paper Industry, while the experimental chromatographic paper 
prepared the Central Scientific Research Institute the Cellulose and 
Paper Industry still does not satisfy completely the requirements analytical 
chromatographic paper. 


The Ministry Machine Construction has not produced special apparatus, 
including automatic chromatographic analysis. 


Having considered the reports, the conference resolved follows: 


the Further Development the Theory Chromatographic Analysis 


That having considered broad development studies theoretical ques- 
tions essential, particular attention should given: 


work out means which analysts should able se- 
lect optimal conditions for carrying out @xperiments. 


formulate hypotheses enabling the analyst direct chromatographic 
processes and foresee the effect various static and kinetic factors 
these processes. 


work the questions physical and chemical theories selective 
chromatographic processes. 


develop work the study the physical nature sorption forces 
the main causes chromatographic adsorption processes,and develop work 
the study diffusion processes, 


working all these theoretical problems, together with explaining 
the physical essence the process, also essential clarify the chemi- 
cal mechanisms given phenomenon, 


solving complex problems, one has resort complex methods 
vestigation with participation analysts, physical chemists, physicists, etc. 


II. the Practical Application Chromatographic Processes 


recommend further study the automatization chromatographic 
processes, and the construction automatic set-ups and individual mechanisms. 


develop perfected apparatus, particularly for working under ab- 
normal conditions, different temperatures, vacuum under pressure, 


carry out studies the relation between sorption properties and 
sorbent structure, develop direct methods for the quantitative and qualita- 
tive determination functional groups ion-exchange materials. 


carry out work the search for selective chromatographic sorbents. 


work the chromatographic separation mixtures with 
ponents similar properties, special attention given the 
fairly large amounts material good yield, 


importance for the study biochemical products (proteins, amino acids, 
hydrates, nucleic acids, hormones, vitamins, Particular attention 
given the development partition chromatography the following 


perfect methods for the qualitative determination and 
tion individual groups organic compounds; 


increase the sensitivity and accuracy quantitative methods 
determining various groups organic compounds, separated chromatograms; 


develop conjunction with and adsorption 


tography systematic scheme analysis (by groups) materials from plant and 
animal 


develop research the field partition chromatography 


inorganic materials paper, particularly for the analysis small amounts 
inorganic 


paper. recommend the use precipitation chromatography conjunction 


with other techniques chromatographic analysis for solving complex analytical 
problems. 


look for and develop new fields for the application 


graphic processes for the solution questions practical and theoretical 
analytical chemistry. 


widen the scope research chromatographic separation elements 


high the aim concentrating them and for complete purifica- 
tion the main component. 


10. intensify work chromatographic preparation small amounts 
limitedly pure preparations various substances importance standards. 


use chromatographic methods for the study the properties 
ions solution, the study the composition and the instability constants 


12, expand the application chromatographic methods for the quantita- 
tive analysis useful minerals, metals, alloys and other industrial products. 


13. use chromatographic methods for field work. 


study the secondary reactions materials and their 
catalytic action. 


recommend the wide use radiochemical and luminescence methods 
chromatographic work.* 


Organizational and Other Questions 


petition the Ministry Machine Construction the organization 
the issue standard types special chromatographic apparatus, including 
matic apparatus, ultrachemiscopes, chromathermographs, etc., and also set-ups 
for counter-current partition chromatography and densitometers. 


petition the Ministry the Chemical Industry the issue 
enough the sorbents used chromatography, particular: 
activated charcoal AG, AR, KAD, purified; 
silica gel, coarse and fine; 
chromatographic aluminum oxide; 
the cation-exchange resins KU-2, SDV-3, RF, SBS; 
the resins PE-9, EDE-10, 


also essential increase supplies the reagents used 
tography ninhydrin, orcine, blue, 
thymol blue, thymol and solvents 
for chromatography, particularly tertiary amyl and butyl alcohols, dioxane 
mono methyl ether, ethylene glycol, and organize the 
issue special flasks and plates polythene. 


petition the Ministry Chemical Industry organize the distribu- 
tion chromatographic sorbents small packages kilo) and sell them with 
other chemical reagents through Glavkhimreaktiv. Full details the sorbent: 
should given with each package. 


petition the Ministry Culture the renewal the issue 
perimental lots ion-exchange materials prepared the High Polymer Laboratories 
the Mendeleev Moscow Institute Chemical Technology. 


ask the Ministry Chemical Industry establish means 
ing small amounts experimental ion-exchange resins and membranes polythene 
the Frunze Scientific Research Institute Plastics. 


petition the Ministry the Wood and Paper Industry produce better 
quality chromatographic paper than the experimental samples produced the 
tral Scientific Research Institute the Cellulose and Paper Industry. order 
that paper the right quality will forthcoming 


ask the Presidium the USSR Academy Sciences and the Ministry 
the Wood and Paper Industry petition together the Ministers 
the USSR and the Central Committee the Russian Communist Party the follow- 
ing points: 


authorize the Ministry the Wood and Paper Industry build 
during 1954-1955 special factory for the production all forms analytical 
filter paper, including chromatographic paper, and set for this purpose 
special, new paper-making machine. 


The conference asks that authors should the future give fuller details 
the sorbents used. When working out methods separating the elements, 
they should test the behavior greater number elements and more 
plex mixtures. 


engage the Ministry Machine Construction prepare and 
supply the Ministry the Wood and Paper Industry with paper-making machines 
for absorbent paper according the current the Research 
Institute the Central Bureau the Paper Industry. 


ask the Ministry Industrial Products the Ministry 
the Wood and Paper Industry with tons new, white, cotton scrap the 
first quarter 1954 for the specific production paper 
analysis. 


ask the Ministry the Wood and Paper Industry Leningrad 


Factory No. supply chromatographic paper until the special factory has been 
set up. 


ask the Ministry the Wood and Paper include the 
the Central Scientific Research Institute the Cellulose and Paper Industry, 
the development the production powder for analysis 
and porous paper for spot tests, 


ask the Ministry the Chemical organize the production 
standard tubes various sizes and construction for chromatographic analysis, 
and also other apparatus for supplying chromatographic set-ups (including special 
boxes and glass cuvettes for partition chromatography). 


That all types sorbents, chromatographic paper, and other materials 


used chromatography graded the All-Union State Standard and Technical 
Specifications methods. 


10. petition the Commission Terminology the USSR Academy 
Sciences include the Commission's plans the setting rational sci- 
entific terminology for chromatography (processes, products, apparatus, 


ll. ask the Ministry Culture introduce courses chromatography 
chemistry courses, including practical chromatography, and also include 
the courses general analytical chemistry given students biologi- 
cal, medical, geological, other sciences. 


12. ask the Society for the Propagation Political and Scientific 
Knowledge organize series lectures chromatography and issue 
pamphlets the application chromatography. 


Institute Geochemistry and Analytical Chemistry. 


14. ask the Academy SciencesPress publish the work 
Tsvet, including introduction which reflects the state 
graphic methods. 


15. publish and practical handbooks 


16. organize advisory conjunction with the Commission 
Chromatography the USSR Academy Sciences. 


17. petition the Board Scientific Films the Culture 
make scientific film chromatographic analysis. 


18. ask the Presidium the USSR Academy Sciences set 
memorial Tsvet Voronezh,in the house where lived and worked. 


19. petition the Presidium the USSR Academy Sciences 
lish Tsvet prize, adjudged the basis the best work done every 
year the field chromatography. 


call regular conferences the chromatographic 
methods chemical analysis. The next called 1956. 
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ask the Commission Chromatography call conference the 
theory chromatography the first half 


22. publish the papers presented the present conference. 
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